Since being reported in 2008, high volume local infiltration analgesia (HVLIA) has rapidly gained popularity for patients undergoing hip and knee replacement. we undertook this review to investigate whether there was evidence for equivalence of HVLIA compared to peripheral nerve block techniques with respect to early postoperative analgesia and functional recovery, or for other outcomes such as cost and process efficiency, persistent postsurgical pain and arthroplasty revision rate. we found that despite the popularity of HVLIA, supporting evidence for its use is currently limited. HVLIA certainly provides postoperative analgesia, but it is not clear whether it is equivalent to contemporary peripheral nerve block techniques in terms of either analgesia or early or later functional outcome in the context of a modern, comprehensive enhanced recovery program. Nor is it possible to state whether HVLIA provides benefits in terms of persistent postsurgical pain or cost and process efficiency. well designed trials directly comparing peripheral nerve block with a standardised HVLIA technique are urgently required.
Lower limb joint replacement is a common procedure with excellent long-term results in most patients. In Australia and New Zealand between 2003 and 2010, the number of primary total knee arthroplasties (TKA) and primary total hip arthroplasties (THA) performed increased by 76 and 47%, respectively 1,2 and demand is forecast to increase dramatically over the next 20 years 3 . In this setting, small improvements in perioperative management could have a significant impact on short and long-term outcome. Evidence-based assessment of individual components of the clinical care pathway may allow the contribution of each intervention towards patient outcome to be appraised 4 . Combining and implementing various initiatives forms the foundation of 'fast-track' or enhanced recovery after surgery programs 5, 6 .
Total knee arthroplasty is associated with severe early postoperative pain 7 and the incidence of chronic neuropathic pain at six months can be as high as 13% 8 . Effective analgesia allows earlier mobilisation along with fewer immobility-related complications, better patient satisfaction and a shorter time to discharge eligibility 4-6 . Both peripheral nerve blockade (PNB) and high volume local infiltration analgesia (HVLIA) provide superior analgesia and improved early physiotherapy outcomes after TKA and THA compared to systemic opioids alone 4, [9] [10] [11] [12] . Similarly, PNB and HVLIA have largely replaced epidural analgesia for TKA and THA because they appear to provide equivalent analgesia with fewer side-effects [9] [10] [11] [12] [13] . This patient population is also prone to serious neuraxial complications following epidural catheterisation 14 .
Since being reported in 2008 by Kerr and Kohan 15 , HVLIA has rapidly gained popularity in patients undergoing hip and knee replacement. Although 'method of analgesia' is not captured by the Australian or New Zealand joint replacement registries, in Sweden during 2010 the HVLIA technique was used in 84% of all reported TKA 16 . we undertook this review to investigate whether there was evidence for equivalence of HVLIA compared to PNB techniques with respect to early postoperative analgesia and functional recovery, or for other outcomes such as cost and process efficiency, persistent postsurgical pain and arthroplasty revision rate.
METHODS
The Embase database and online search engines were used to identify relevant articles and abstracts using the term "local infiltration analgesia" alone and in combination with "hip arthroplasty" or "knee arthroplasty" for the period from 2007 to 2013. Electronic searches of nine major journals including conference proceedings were undertaken for the same period and reference lists from all identified papers were hand-searched and followed up where relevant. However, this article is not a formal systematic review.
THE HIGH VOLUME LOCAL INFILTRATION ANALGESIA TECHNIQUE
HVLIA has a reputation among surgeons as a simple, safe and convenient method that provides good analgesia without motor block of the lower limb. Kerr and Kohan stress that the concept of HVLIA is multimodal and multidisciplinary, incorporating psychosocial aspects of perioperative care such as patient information and rehabilitation support 15 .
For both THA and TKA, the intraoperative technique involves stepwise injection of ropivacaine 2 mg/ml, adrenaline 5 µg/ml and ketorolac 0.15 mg/ ml (if no contraindication to non-steroidal antiinflammatory drugs exists). A total volume of about 150 to 200 ml is infiltrated in three phases during surgery using a 'moving needle' technique. A catheter is positioned adjacent to the joint cavity for postoperative bolus dosing on the ward. Although there is unavoidable variation in the exact injection sites, the risk of local anaesthetic toxicity from HVLIA (with or without a tourniquet) appears low, except where continuous postoperative infusion of local anaesthetic into the wound is utilised 17 . Multiple local and systemic mechanisms of analgesia may underpin the HVLIA technique. There is good evidence for a specific local effect from infiltration of non-steroidal anti-inflammatory drugs and morphine at the site of trauma 18, 19 and local anaesthetics also reduce inflammation 20 . Surgical time is increased by only about ten minutes when using HVLIA 19 .
Despite the popularity of HVLIA, supportive evidence is not robust. Kerr and Kohan's study was an open case series which lacked a control group. Although impressive early physiotherapy outcomes were reported, the incidence of uncontrolled pain requiring parenteral morphine was 43% for TKA and 20% for THA 15 . Average length-of-stay was 4.3 days and 3.2 days respectively. Randomised trials that favour HVLIA over systemic opioids or lumbar epidural analgesia are often limited by lack of blinding or placebo. A review article by Kehlet and Andersen published in 2011 supported intraoperative HVLIA for TKA, but this excluded the postoperative wound catheter component and there was little evidence to support HVLIA use in THA when a comprehensive oral multimodal analgesia regimen is utilised 12 .
Although Kerr and Kohan carefully described the technique of HVLIA in their original article 15 , Rawal has pointed out in a recent editorial that the HVLIA recipe and method of administration vary considerably between studies, making outcome data difficult to interpret 21 . Moreover, it is not clear that the 'Kerr and Kohan experience' can be generalised to different populations (such as public hospital patients who often have more comorbidities than their private hospital counterparts) and institutional settings (such as teaching hospitals with wellorganised acute pain service facilities). Other issues surrounding HVLIA include the potential effect on endoprosthetic fixing 22 and wound healing 23 , as well as infection associated with the catheter technique 23 . It is not known how HVLIA administration towards the end of surgery may affect the stress response, afferent sensitisation or persistent postsurgical pain compared to PNB delivered prior to incision.
PERIPHERAL NERVE BLOCKADE
Although there is debate about exactly which technique is the most effective for hip and knee arthroplasty, PNB has established itself as the reference standard for postoperative analgesia in this patient group 15, 24 . However, with the move towards early ambulation (often on the day of surgery), motor weakness associated with PNB is of significant concern. Serious falls usually occur with higher concentrations of local anaesthetic (e.g. ≥0.5% ropivacaine) 25 , but femoral nerve block (FNB) using concentrations as low as 0.1% ropivacaine by bolus or infusion can still produce significant quadriceps weakness 26 . In our experience motor block also causes patient dissatisfaction, especially if prolonged.
Sciatic nerve block provides limited additional analgesic benefit if combined with FNB for TKA 9, 13 and is associated with foot drop and risk of ischaemic heel ulcers 27 . Selective infiltration of the posterior capsule of the knee-joint may improve postoperative posterior knee pain 28 , but it is not clear whether this technique can provide quality of analgesia comparable to sciatic block 29 .
A promising new technique is ultrasound-guided block of the saphenous nerve within the adductor canal at distal thigh level (where the femoral artery provides a reliable landmark). This approach appears to provide effective analgesia with less motor block of quadriceps when compared to traditional FNB 30, 31 . A search using the term "adductor canal block" on the clinical trials registry website 'clinicaltrials. gov' suggests there is considerable interest in this technique, with 18 studies either currently recruiting or completed 32 . Optimal volume, concentration and utility of continuous infusion all need to be further elucidated.
THE HVLIA TECHNIQUE COMPARED TO PNB FOR TKA
Full dose HVLIA should not be combined with PNB because recommended local anaesthetic dose limits can easily be exceeded. Only four randomised trials have directly compared HVLIA to single-shot or continuous FNB for TKA. Such paucity of evidence is surprising given the widespread use of both these techniques. One small randomised, double-blinded study reported lower morphine consumption and better early functional recovery among patients receiving continuous FNB 33 , although a randomised, double-blinded, placebo-controlled crossover study in 16 patients reported equivalent analgesia, rehabilitation outcomes and patient satisfaction between techniques 34 . Of the remaining two studies, which were not blinded, one favoured HVLIA 23 and the other reported comparable analgesia between groups 35 .
In the unblinded trial favouring HVLIA published by Toftdahl et al, two of 40 patients (5%) with a postoperative HVLIA catheter developed serious infection requiring change of component in one patient and a gastrocnemius flap and skin grafting in the other case 23 . Ganapathy has commented that the local anaesthetic concentration utilised for FNB in this study (1% ropivacaine) was higher than that routinely used 36 . This may have contributed to worse physiotherapy indices in patients receiving FNB. To our knowledge no study reported cost and process outcomes or revision rates and no direct comparison of adductor canal block (with or without selective intraoperative infiltration of posterior knee tissues) versus full protocol HVLIA among patients undergoing TKA has been reported.
THE HVLIA TECHNIQUE COMPARED TO PNB FOR THA
From an anatomical point of view, HVLIA should be particularly useful for THA because the articular and cutaneous sensory supply of the hip region is complex and may extend from T12 (subcostal nerve) to S1 (proximal sciatic branches including the nerve to quadratus femoris and superior gluteal nerve). In contrast, sensory innervation of the knee joint is more amenable to PNB. However, the evidence in support of HVLIA for THA is not convincing. In a randomised, double-blind, placebo-controlled trial, Lunn et al reported no early benefit from nonsteroidal anti-inflammatory drug-free intraoperative HVLIA in combination with multimodal analgesia for THA 37 . The authors proposed that the positive effect in previous studies may be explained by the analgesic effect of ketorolac in HVLIA combined with a less thorough multimodal analgesic regimen. Lumbar plexus block provides better analgesia and mobilisation for THA in comparison with FNB, but is contraindicated in the anticoagulated patient because of the risk of retroperitoneal bleeding 10, 38 . This technique is not widely favoured in Australia and New Zealand.
DISCUSSION
Despite the popularity of HVLIA, supporting evidence is currently limited. HVLIA certainly provides postoperative analgesia-but it is not clear whether HVLIA is equivalent to contemporary PNB techniques in terms of either analgesia, or early or late functional outcome in the context of a modern, comprehensive and enhanced recovery program. Nor is it possible to state whether HVLIA provides benefits in terms of persistent postsurgical pain or cost or process efficiency (e.g. pharmacoeconomic aspects and theatre flow). Well-designed trials directly comparing PNB with a standardised HVLIA technique are urgently required. It is encouraging to note that several are in the planning phase or currently underway (O. Olive, personal communication) 32 . Quadriceps sparing saphenous block with selective intraoperative infiltration of the posterior knee capsule before cementing the implants is a promising combination for TKA that merits further investigation. Methodology should ideally be double-blinded, although the use of invasive placebo techniques is contentious 39 . Measurements should include quality of early analgesia, inpatient physiotherapy scores and rehabilitation indices, although it is unclear whether early functional recovery correlates with later outcomes 40 . Discharge readiness and length-of-stay are less reliable indicators because both are dependent on a wide range of organisational and patient factors 41 . The most valued endpoint is likely to be good long-term performance from the prosthesis with a low rate of revision; this could be monitored using existing national joint registries by adding a data field for method of analgesia.
There is another point to consider: FNB using an in-plane ultrasound-guided regional anaesthesia technique could be considered a core skill for anaesthetists. For example, the Australian and New Zealand College of Anaesthetists released a curriculum update in 2012 that requires ten upper limb and 15 lower limb blocks to be performed during anaesthesia training 42 . In our experience, the use of HVLIA has reduced training in ultrasound-guided femoral block. This trend should be monitored by teaching departments as it could lead to deskilling of trainees in relation to FNB.
In the absence of convincing evidence for HVLIA compared to PNB techniques, practitioners should be guided by established local practice and expertise, and where possible they should maintain their skills in PNB. whatever technique is chosen, a multimodal, multi-disciplinary approach should be employed, ideally in the setting of a comprehensive enhanced recovery after surgery program or similar protocol.
